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AN APPROXIMATE METHOD OF CALCULATING THE A N G U  

OF ATTACK RESPONSE OF THE C - 1  VEHICLE FROM 
W I N D S  MEASWD PRIOR TO LAUNCH 

SUMMARY 

The object of t h i s  paper i s  t o  derive a quick approximate method 
of calculat ing the angle of a t tack  response of the C - 1  t o  winds meas- 
ured p r io r  t o  launch. This i s  accomplished by reducing the equations 
of motion of the vehicle i n  the presence of a wind t o  a forced s ingle  
degree of freedom system. 
tabular  form and a sample wind prof i le  i s  analyzed. 

The solutions a re  presented i n  a systematic 

INTRODUCTION 

The present procedure f o r  obtaining the "u q" of a vehicle from 
the  launch winds a t  Cape Canaveral i s  t o  te le type the wind data t o  a 
remote computer. 
computer procedure and the resul t ing "u q" i s  determined. 
value thus obtained is  compared with an allowable value and a rtgo'' o r  
"no-go" s ignal  i s  sent back t o  the Cape. 

There they are fed in to  a five-degree of freedom 
The m a x i m  

It i s  the purpose of' this paper t o  i k i 5 V ~  r. q~idc, inciependent 
method of calculat ing the angle of a t tack  response (and thus "u q") 
of t he  C - 1  t o  launch winds. This approximate method w i l l  serve as a 
check of the computer analysis. Such a method was derived fo r  the 
Mercury-Atlas f l i g h t s  by M r .  George A. Watts and Miss May T. Meadows 
of M.S.C. and t h i s  method i s  herein adapted t o  the C - 1  vehicle. 

This method of analysis i s  a useful t oo l  fo r  preliminary s tudies  
involving vehicle response t o  launch winds. 
of t he  varied usage of t h i s  technique. In that reference, the method 
i s  used together with a s t a t i s t i c a l  wind study t o  predict  the  monthly 
launch probabi l i t ies  of the C - 1  from Cape Canaveral. 

Reference 1 is one example 
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SYMBOLS 

A 

At 

a 

B 

C 

n C 
U 

time varying coefficient 

thrust minus axial drag, lb 

coefficient in wind response matrix 

time varying coefficient 

time varying coefficient 

aerodynamic normal force coefficient per unit a, 1 ' 

rad 

D 

e 

F 

f 

f (t) 
U 

N 
U 

.. n 

Q 

S 

time varying coefficient 

base of natural logarithm 

external forces, lb 

vector component, defined as used, ft/sec 

forcing function in u direction, ft/sec 

forcing function in v direction, ft/sec 

2 acceleration due to gravity, ft/sec 

vector component, defined as used, ft/sec 

moment of inertia, ft-lb-sec 

constant = 10 ft/sec 

vector component defined as used, ft/sec 

normal force per unit a, lb/rad. 

2 acceleration normal to vehicle, ft/sec 

dynamic pressure, psf 

reference area, ft 2 
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T 

t 

U 

U 
g’ 

v 

V 

W 

X 

X 

X 
cg 

CP 

XT 
Y 

U 

P 

6 

‘p 

thrust of gimbaled engines, lb 

time, sec 

Ak = change in 

wind speed, ft/sec 

due to wind, ft/sec 

vehicle forward velocity, ft/sec 

L& = change in k due to wind, ft/sec 
vehicle weight, lb 

distances along launch azimuth parallel to ground, ft 

distance from station 0 to center of gravity, ft 

distance from station 0 to center of pressure, ft 

distance from station 0 to engine gimbal point, ft 

distance normal to ground, ft 

angle of attack, deg 

angle betweeii lateeral velocity and- vertical direction, deg 

root of equation 

vehicle pitch attitude, deg 

gNa 1 
-) - 
VW sec 
engine deflection angle, deg 

SUBSCRIPTS 

initial value 

Mode A 

Mode B 



4 

n, n + 1, layer numbers 
n - 1  

r resultant value 

W with wind 

ASSUMPTIONS AND THEORY 

Listed below are the important assumptions and approximations used 
in this paper. 

1. Angle of attack due to the wind is approximated by wind speed, 
times thecosine of the flight path angle divided by vehicle speed along 
the flight path. 

2. The change in the horizontal and vertical components of vehicle 
velocity due to the wind are small compared to the vehicle's forward 
velocity. 

3.  Deviations from the programed attitude of the vehicle are 
negligible. 

4. The time varying coefficients in the equations of motion do 
not vary significantly within altitude increments of 5,000 feet. 

3 .  The wind profile is approximated by step functions taken in 
5,000 foot increments, starting at a certain altitude and continuing to 
an infinite altitude, (see fig. 9) .  

6. The wind profile to be analyzed may be approximated adequately 
by 5,000 foot altitude increments. 

7. The velocity along the flight path, and hence the dynamic 
pressure, is not appreciably affected by the wind. 

THEORY: The accelerations in the X and Y directions on the C-1 
launch vehicle in the presence of a wind (subscript W) in the pitch 
plane are given on the following page. 
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4 

I 
I . t V / .. 

.. 

U 
= 6 At sin 0 + g Nu - 7 + g cus 7 - w -  

W V 

U k, = a At COS 0 - N, (. - rW + g cos 
W V 

Similar expressions can be written for the no wind case (no subscript): 

.. x = Q A~ sin o + 6 N (0 - y)cos o W a  

b ii = A~ cos o - N f0 - 7)sin o - g W a  



Then to obtain the acceleration in the X direction due to the 
wind alone (d)it is only necessary to subtract the no wind accelerations 
from the accelerations with wind: 

.. .. .. 
= % - X  W a  g N  cos yw - (yw - w g  cos 0 

Similarly for AY: 

.. .. .. 
= - Y = 6 W a  N cos rW - (yw - 7 j ~  sin 0 

These equations show that the horizontal and vertical accelerations 
due to the wind are a function of the wind speed and the deviation in 
flight path angle. In order to solve these differential equations it 
will be necessary to relate the deviation in flight path angle to the 
X and Y directions. An approximate relatiohsip is: 

yw - y = & cos y - aY sin y v 
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This expression i s  va l id  i f  k and & are small compared t o  V. For 
t h i s  reason either Vw o r  V and rW or  7 could be used i n  the  equation. 

Since V and 7 are known they are used and no subscr ipts  w i l l  appear from 
here on. Making t h i s  subs t i tu t ion  f o r  yw - y i n  equations (1) and (2) 

yields:  

3 nX = { N, cos 0 cos y - k cos y + & s i n  7 
V v 

This shows, unfortunately, t h a t  X and Y are not independent. 
However, s ince w e  are in t e re s t ed  i n  ve loc i t ies  only, it i s  possible t o  
reduce the equation t o  a f i rs t  order d i f f e r e n t i a l  equation with time 
varying coef f ic ien ts  forced by the  wind veloci t ies .  

By l e t t i n g  u = k, v = A? and A, B, C, D be the  t i m e  varying 
coef f ic ien ts ,  the  equations reduce to:  

- -  all - - cu 4- Dv + fu ( t )  
d t  (3)  

(4) - =  dv Au - Bv - fv( t )  d t  

The fu ( t )  and f (t) are the  forcing functions. In  order t o  solve 
V 

t h i s  set of d i f f e r e n t i a l  equations A, B, C, and D are assumed t o  be 
canstant over a f i n i t e  increment of t i m e  (altitude layer) and the  
solut ion f o r  a typ ica l  increment follows. The complementary so lu t ion  
may be found by l e t t i n g  the  forcing function equal zero: 
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"hen : 

Assuming the form of the solution to be: 

6t dv 6t - -  du - 8uo e , - dt = 8vo e 
dt 

So ( 5 )  and (6) become: 

6uo + cuo - Dv = 0 
0 

- Au0 + Bv0 = 0 
8v0 

The above equations m y  be written as: 

Solving for 6: 

(6  + B) (6  + C )  -AD = 0 

2 6 + ( B + C ) 6 + B C - A D = O  

Where: 

- gNu sin o cos 7 - -  vw A 
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L 

C cos 0 cos 7 gNa = -  vw 

cos 0 sin 7 gNU = -  vw D 

cos 0 cos 7 u (t) gNU fu(t) = - vw I3 

sin 0 cos 7 u (t) gNa fv(t) = - 
W Q 

gNa Also let 5 = 

Then: 
s 

6 = - - (sin O sin 7 + cos o cos 7) 2 

2 (sin o sin 7 + cos o cos 7) 

-V + <‘(sin o cos 7 cos o sin 7 - sin o sin 7 cos 8 cos 7) 

6 = 3 Esin 0 sin 7 + cos cos 7 )  * (sin 0 sin 7 + cos COSY) 

2 1 
Therefore: 

6 = - 5 (sin O sin 7 + cos O cos 7) = - 5 cos ( O  - 7) 

And 

6 = 0. 
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Then the  complementary solutions are: 

- lgN, - cos (0 - 7 ) t  
U = U  e VW 

0 

- - cos (0 - 7 ) t  vw 

and f o r  6 = 0: 

u =  uo } Mode B 
v = v  

0 

I 

Since for t he  B mode u = u and v = v the  resu l tan t  ve loc i ty  w i l l  
0 0' 

l i e  along t h e  f l i g h t  path. 
expected t o  be perpendicular t o  the B m o d e  d i rect ion,  however, it w i l l  
be shown t o  be normal t o  the  vehicle axis. This i s  indicated by the  
cos (0 - 7) term i n  the  A mode solution. 

The A mode d i rec t ion  would normally be 

Each mode i s  independent of the other and two independent d i f f e r e n t i a l  
equations may be found which can be forced independently. 

0 
d i r ec t ly  re la ted  t o  uo so both u and v can be forced a t  t he  same time 

f o r  each mode. This re la t ionship  can be fcund by subs t i tu t ing  

6 = - 5 ( s i n  0 s i n  y -I- cos 0 cos Y )  (Mode A )  into equations (7) and (8): 

That i s  v i s  
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[- 5 (sin o sin y + cos o cos y) + 5 sin o sin y~ vo - s sin o cos y u = o 
and 

(- s cos o sin.y) v - Sosin o sin y + cos o cos y) - s cos o cos y u = o 

0 

0 10 
- cos O cos y vo - sin 0 cos y u = 0 

0 

- cos 0 sin y vo - sin 0 sin y uo = 0 

thus from (9) and 10): 

v = v  tan@ 
A 0 A 0 

where // means 

In other words, the resultant veloc 
axis. 

Velocity 

subscript A 
A mode 

ty is norm1 to the veAcle 

The relationship between uo and v for mode B may be found by 
0 

substituting 6 = 0 into equations (7) and (8): 
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Cuo - Dv = 0 
0 

- Au + Bvo = 0 
0 

or 

cot y B A  0 - = - = L ~  = 
U B D sin y 
B 0 

Result ant 
Velocity 

Thus the resultant velocity vector for mode B is along the flight path. 

Up to this point only the complementary solutions to the equations 
have been used. 
Examining the physical situation, it is seen that only accelerations 
normal to the vehicle due to the wind will affect vehicle response. 
Therefore, mode A is affected. 

tan o for v in equattor! (4): 

Now it is necessary to consider the forcing function. 

Then uA may be substituted for u and - uA 

auA - tan 0 - - Au + B (- uA tan 0) = - fv(t) dt A 

substituting for the coefficients: 

g w  (11) cos 0 cos y u = - dt VW A V W  
d'A @a. gNCL + - (sin o sin 7 + cos o cos y )  u - 

This is the forced single degree equation for the vehicle in one 
By letting u (t) = K the particular solution of the equation is: layer. 

g 
gNa K 

cos 0 cos y - vw K 
tan O tan y + 1 

- - - 
"A - - gNa 

vw 
(sin 0 sin y + cos o cos y )  



. 

A 

> . > 
3 

Thus the general solution fo r  mode A: 

u A = u  e 
A 0 (12) 

K + 
t an  o tan 7 + 1 

It will be assumed that u (t) is a s tep  function s t a r t i n g  when the 

vehicle reaches a cer ta in  a l t i t u d e  and continuing t o  an i n f i n i t e  a l t i tude .  
The vehicle response i s  desired. The coeff ic ients  a re  time varying, but 
they are assumed t o  be constant f o r  5,000 foot a l t i t u d e  layers.  
constants change discontinuously a t  the ends of each layer. 
a re  f o r  the  middle of the a l t i t ude  layer. 
zero i n i t i a l  conditions. The speed a t  the end of the f i r s t  l ayer  deter-  
mines the  i n i t i a l  conditions fo r  the second layer  and so  on up t o  
70,OOO feet ( the  l imi t  of t h i s  investigation).  
f o r  the second layer  a re  obtained by resolving uA a t  the end of the first 
layer  i n t o  the  u 
B mode direct ion does not change throughout-the layer  but must be con- 
sidered along with the A mode velocity a t  the end of the in t e rva l  when 
finding the i n i t i a l  conditions f o r  the t h i r d  layer.  
understood by following the example i n  the Assumptions and Procedure 
section of t h i s  paper. 

Q 

These 

The f i rs t  layer  i s  based on 
The values 

The i n i t i a l  conditions 

The veloci ty  i n  the  direct ion of the second layer.  A 

This routine can be 

normal force due t o  anale of a t tack,  w i l l  

/ 
now be 
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Sum of the forces normal to the vehicle: 

. a .  q s + T s i n C P  w .. 
a C F = E n =  cN 

Sum of moments about the C. G. : 

.. 
cg - y’) M = O = I Q = C  N . a .  qs(xCp-x cg  sin^(^ c a 

Using CP = sin CP (small angle approximation) and solving for TV 
(14) becomes : 

cN . a . qs( xCp - X 
a TCP = 

Substituting (15) into (13) : 

(xcP - cg 1 CN . a . qs 
a w i i = c  a q s +  

N (xcg - 3) - 
U 

= CN . qs I‘“. - %I + (XCP - X c A j  a 

U (xcg - y’) 
or 

i 



PROCEWFE 

Trajectory data f o r  the C-1 as of  14 April 1962, are  presented on 
figures 1 through 4. 
g rav i ty  (C.G.), center of pressure (C.P.) and the normal force coeffi-  
c ien t  due t o  angle of a t tack C . These data along with the th rus t  

gimbal point locat ion (T = 100 in . )  and a reference area (S = 360 f t2)  

a re  used i n  the  sample calculations tha t  a re  t o  follow. 

calculated by equation (16). 

Figures 5 and 6 give data  f o r  the  center of 

( Nu) 
Nu w i l l  be 

Then for the  first layer,  sea l eve l  t o  5,000 feet: 

The Nu calculations a re  similar fo r  a l l  a l t i t u d e  layers  so t h i s  

sample w i l l  suffice. 

corresponding weights, both vs a l t i tude ,  i n  f igure 7. 
The Nu values are plot ted together with the 

Response calculations w i l l  now be performed f o r  the  first two 
a l t i t u d e  layers i n  a s tep  by s tep  procedure. 
or iginat ing a t  each 5,000 foot layer and continuing t o  70,000 fee t ,  i s  
f o k d .  
presented i n  the Results and Discussion section of t h i s  paper. 

The response t o  un i t  steps,  

The analysis i s  then systematized in to  a tabular  form and 

For the  first layer:  

tl = 0, u* = 0 

From equation (12): 

K 
tan 0 tan 7 f 1 o = u o  + 

A 
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The f i n a l  solution f o r  the f i r s t  layer  i s  then (from (12)) :  

using K = 10 f t / s ec  as a u n i t  step, s t a r t i n g  a t  sea l e v e l  and 
I extending t o  inf in i ty :  

For the f i r s t  layer, 0 t o  3,000 f e e t :  

1 5 , = 10 f t / s ec  

Mid-layer values from figure 1 
through 4. i = 2 . 3  deg 71 

Na = 165,700 lb/rad 
1 

W1 = 1,005,000 l b s  J 

= 9.97( 1 - e - . 0 2 t l )  

a t  5,000 f ee t  tl = 27.6 seconds, then 

U = 4.24 f t / sec  
A1 

and v = -u t a n  0 
A1 *1 

= -4.24 ( . 0559)  

V = -.238 f t / s ec  
A1 



For the  second layer,  3,000 t o  10,000 fee t ,  the  veloci ty  vector 
due t o  the wind a t  the end of the first in t e rva l  i s  normal t o  the 
vehicle body. I n  the  second layer  t h i s  veloci ty  vector becomes the 
" i n i t i a l "  veloci ty  and i s  resolved in to  two directions;  one along the 
f l i g h t  path (mode B which w i l l  be ignored u n t i l  the  t h i r d  l aye r )  and 
the other  normal t o  the  new vehicle a t t i t ude ,  0 (mode A ) .  

Velocity 
f l i g h t  

t o  vehicle 

In  general  l e t  v represent the veloci ty  vector of the vehicle due 
t o  the wind a t  the beginning of a new a l t i t u d e  layer  a t  angle P from 
the ve r t i ca l .  

Tnen : 

f = v s i n  ( y  + 90' - p )  

e = v COS ( y  + goo - p )  

Therefore veloci ty  normal t o  the vehicle 

k - - 
cos (0 - 7) 

h = k t a n  (0 - 7) 
and f + h = v s i n  ( y  + 90" - P )  + v cos ( y  + 90 - p )  t a n  (0 - 7) (18) 

= veloci ty  along f l i g h t  path 
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Since B mode velocity i s  assumed constant over the next i n t e r v a l  
(n  + 1 interva l ) ,  only the new value of A mode veloci ty  must be found. 
The un 

veloci ty  o f  the  n f 1 interva l :  

velocity component of  the A mode veloci ty  i s  the  i n i t i a l  

tn 

(19) k cos 0 - v cos (y  + go - p)  cos 0 
cos (0  - y )  

- - - 
cos (0 - y )  U 

0 

li'or the second layer,  5,000 t o  10,000 feet: 

0* = 9.7" 

= 8.8" 72 

= 588,000 lb/ rad 
2 Na 

W = 924,000 l b  
2 L 

Mid-layer values from f igure  1 
through 4. 

And : 
u = 4.24 'FIq 

= -.238 
v 1 A1 

= 4.24 

So v = 4-24 f t  sec and p = 90 + 3.2 = 93.2O 1 

NQW bonsidering B mode veloci ty  f o r  the f i rs t  time: B mode veloci ty  = 



4.24 s i n  (8.8 + 90 - 93.2) + cos (8.8 + 90 - 93.2) t a n  (9.7 - 8.8) = 
.482 ft/sec. 
a t  the beginning of each layer  give: 

a 

Then for  t h i s  and subsequent layers the i n i t i a l  condi t ions 

u = u , t = 0 (beginning of layer) 
0 A 

t2 

then from (12): 

K - 
0 t an  8 tan 7 + 1 A 

Therefore (12) becomes : 

u - A 
t2 A2 t a n  o2 K2 t a n  y2 + .)e 

i- K2 
t a n  o2 t a n  y2 + 1 

COS (9.7 - 8.8) t2 -32.2 x 588,000 
308 x 924,000 1 10 

u '  A2 =(4'17 - t a n  9.7" t a n  8.8" + 1 e 

10 
tan 9.7" tan 8.8" + 1 

Since t2 = 9.9 sec: 

+ 

Y * 
= 6.00 f t /sec ( means a t  end of  layer) 

* * 
= u t a n  o = - 6.00 ( tan 9.7") = - 1.026 f t /sec 2 A2 
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A t  t h i s  point v and p should be evaluated. 
2 

.48 = B mode veloci ty  

>L . 6.00 = u" 
/ A2 

4-1.026 = v 
*2 

Resolving i n t o  horizontal  and v e r t i c a l  components: 

= 6.10 

p = 90 + 5.2 = 95.2" 

For the t h i r d  and subsequent layers  a similar procedure i s  
car r ied  out. 
sea l e v e l  t o  70,000 f e e t  fo r  each 5,000 foot  a l t i t u d e  layer .  
v e r t  t h i s  t o  angle of a t tack,  v and p are resolved t o  the nominal 
t r a j ec to ry  a t  each a l t i t u d e .  The net  angle of a t t ack  i s  then deter- 
mined by: 

Thus a value of the net  vehicle response i s  found from 
To con- 

v s i n  ( p  - Y )  
a = + c o s 7  - V 

The 7 and V values used here a r e  f o r  the  ends of the layers .  

The angle of  a t tack  f o r  the  t w o  a l t i t u d e  layers  previously con- 
sidered a re  then: 

CL a t  5,000 f e e t  due t o  a 10 fps  s t ep  s t a r t i n g  a t  S.L.:  

-4.24 s i n  (93.2" - 6.1") 
400 = .01423 rad = .816 deg lo cos 6.1" 
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and a a t  10,000 f e e t  due t o  a 10 fps s tep  s t a r t i n g  a t  S.L.: 

b 

95.20 - 115" 
610 lo cos 11.5" - 6.10 s i n  a = m  

= .00614 rad. 

The angle of a t tack  response t o  a 10 f p s  step s t a r t i ng  a t  sea 

= .332 deg. 

l eve l  has thus been calculated up t o  7O,OOO f e e t  and appears a s  the 
S.L. curve on f igure 8. 
10 f'ps steps s t a r t i n g  a t  each 5,000 foot leve l .  

S imi l a r  curves a r e  shown on t h i s  f igure for  

The tr iangular  matrix presented i n  the Results and Discussion 
section of t h i s  paper i s  derived from t h i s  f igure.  The values tabulated 
a r e  mid-layer values (read a t  2,500 feet ,  7,500 fee t ,  e t  ce te ra) .  

A s  an example, the values tabulated i n  the f i r s t  column of the 
matrix a re  for a 10 f-t/sec wind s tep s t a r t i n g  a t  sea l e v e l  and a r e  
read from the sea l eve l  curve a t  the mid-layers; from f igure 8: 

Mid-layer a l t i t ude  
Angle of a t tack 

response t o  10 f t / sec  
s tep  a t  S.L. 

1.537 

* 545 

The following explanation i l l u s t r a t e s  how the t r iangular  wind 
matrix i s  used t o  f ind  the C-1 angle of a t t a c k  response t o  a pa r t i cu la r  
wind prof i le .  
t i c a l  uniform prof i les  s t a r t i n g  a t  each 5,000 foot level,  then the 
responses t o  the uni t  p rof i le  factored by p ro f i l e  speed gives the 
response of the C-1 t o  the net wind when summed together ( f i g .  9 ) .  

If the wind prof i le  can be broken in to  a ser ies  of ver- 

Since the wind velocity given by the factored un i t  p rof i les  i s  
only correct  a t  the center of each a l t i t ude  layer, the responses w i l l  
be assumed t o  be r igh t  there a lso.  
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The general form of the matrix is:  

&11 

22 a 
21 a 

33 a a31 a32 

"42 a43 "44 

u - u  2 1  
10 

u3 - u2 

u4 - u3 

- =  
10 

10 

1 a 

2 a 

3 a 

a4 
- 

Where a means angle of a t t ack  a t  the 3rd layer  (12,500 f e e t )  due 32 
t o  a un i t  10 f t / sec  wind s t a r t i n g  a t  the 2nd layer  (5,000 f e e t ) .  

column of 

speed of the n - 1 layer  a l l  divided by 10. 
a t tack  column i s  self explanatory. The angle of a t tack  i n  t h i s  case 

The 
u - u  n n - 1  

10 
i s  the  wind speed of the  n layer  minus the wind- 

The resu l tan t  angle of 

u - u  - are of n 
10 i s  the response of the C - 1  i n  the  p i t ch  plane and 

ccurse w i n d  components resolved i n t o  the p i t ch  plane. 

It should be noted t h a t  t h i s  procedure y ie lds  angle of a t t ack  due 
t o  the wind, the  programed angle must be added t o  t h i s  t o  obtain the  
ne t  angle of a t tack.  

The s ides l ip  angle due t o  the  wind may be found i n  the same way. 
Since the s l i d e s l i p  component of the  wind i s  usual ly  small compared t o  
the p i t ch  plane component, e r ro r s  induced by using the  p i t ch  plane 
matrix w i l l  not be very s igni f icant .  

The resul tant  a i s  found by taking the  square root  of the sum 
of the squares of t he  n e t  angle of a t tack  and angle of s ides l ip .  The 
%ql' i s  then found by multiplying the  r e su l t an t  
This i s  perhaps the biggest source of e r r o r  i n  the  method. Since "q" 
if: generally smaller during a tailwind, t h i s  method usual ly  gives a 
conservative value of "aq". 

a by the  nominal "q". 

A step by s t ep  example w i l l  now be given fo r  the wind p r o f i l e  
shown on figure 9. 
d i red t ly  downwind, otherwise a n  addi t iona l  s e t  of calculat ions would have 

It w i l l  be assumed that the vehicle w i l l  be launched 
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Altitude layer,  

1,000 f t  

0-5 

3-10 

10-15 

23 

u - u  
n n - 1  

10 
fps 

2,500 56 5.6 

7,500 69 1 . 3  

12,500 81 1 . 2  

Mid-layer, Mid-layer windspeed, 
U f t  n, f p s  

t o  be made f o r  the angle of s idesl ip .  
t h i s  assumption w i l l  be made. 

Since the same procedure applies,  
F i r s t  the wind speed w i l l  be read and 

5-10 

u - u  
values calculated. n n -  

10 the 

P 5  - uo) 
21 10 

a 

F r o m  f igure 9: 

~- 

Now the response of the C-1 t o  wind w i l l  be calculated.  Refer t o  
the table  i n  the Results and Ciscussion section f o r  "a" values. 

Att i tude 
1,000 f t  

P 5  - %o) 
&31 10 

10-15 

;ing a l t i t u d e  of 
5 

-.-a 
22 10 

( Y o  - u5) 
+aj2 10 

velocity step 
1 0 .  . .  

U ('15 - 1( 
10 +a, 23 
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Then angle of a t tack  due t o  wind (aw) for:  

Sea l e v e l  t o  5,000 f ee t  

a W = a  11 pd 10 = 1.537 ( 5 . 6 )  = 8.607 deg 
0-5 

5,000 t o  10,000 f e e t  

p10 - u5) 
a = a  21 10 + "22 10 

(u5 - uo) 

W 5-10 

= .543 ( 5 . 6 )  + .885 (1.3) = 4.191 deq 

10,000 t o  15,000 f e e t  

and so  on. 

These responses due t o  the wind must be added t o  the programed 
angle of attack. 
gives the resul tant  angle of a t tack  which w i l l  be multiplied by the 
appropriate dynamic pressure t o  give "a q": 

Since s i d e s l i p  has been assumed t o  be zero, t h i s  

I 



1 

b 

Alti tude a due t o  Programed Resultant Nominal 
a q  layer  wind a a q 

0-5 8.607 .80 9.407 78 734 

5-10 4.191 -30 4.691 244 1145 

10-15 2.767 .20 2.967 392 1163 

Values of I t a  q" f o r  t h i s  p r o f i l e  have been calculated up t o  62,500 feet 
and are p lo t t ed  on f igure  10 vs a l t i t ude .  

RESULTS AND DISCUSSION 

Table I represents the  r e su l t s  of t h i s  paper. Only t h i s  t ab le  and 
the  wind p r o f i l e  t o  be studied a re  necessary t o  quickly calculate  the  
angle of a t t ack  response of t he  C-1 vehicle (and hence "a q"). Since 
s a i p l e  calzulatiens fer a spec i f ic  wind p r o f i l e  have already been pre- 
sented, no fur ther  e q l a n a t i o n  o f  usage w i l l  be given here. 

This technique i s  useful  for vehicle design studies,  wind launch 
probabi l i ty  predictions and other  associated problems. 
should be emphasized that the assumptions made i n  deriving t h i s  method 
should be thoroughly understood before attempting t o  apply it t o  a 
pa r t i cu la r  vehicle. 

However, it 
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Figure 2.- Velocity and 
for a typical C-1 tra 

Mach number as a function o f  altitude 
ectory. 
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F i g u r e  8.- Angle o f  a t t a c k  response o f  t h e  C - 1  
t o  a 10 f e e t  per  second s t e p  wind p r o f i l e  
s t a r t i n g  a t  v a r i o u s  a l t i t u d e s  and c o n t i n u i n g  

t o  i n f i n i t y .  
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